OBJECTIVE: To describe the eating habits and physical activity of Japanese children aged 10 y, and to investigate their relationship to lipids and body mass index (BMI); also to study the relationship between BMI and lipids in these children. DESIGN: This was a cross-sectional study conducted at six schools in Shiratori, Japan during 1992±1994. Physical examinations and questionnaires were used to collect data from 457 ®fth grade children, aged 10 y. RESULTS: The diet of these children was mixed, with Japanese and Western foods almost equally reported. Boys were more active than girls. More active children had higher high density lipoprotein cholesterol (HDL-C), and children who ate a more Japanese diet had slightly lower HDL-C. BMI was positively related to cholesterol, low density lipoprotein cholesterol (LDL-C), triglycerides and inversely related to HDL-C. The amount of rice intake was positively associated with the BMI of these children. CONCLUSION: In our study of Japanese children aged 10 y, their diets were fairly Westernized, and most children were fairly inactive based on our activity score. Although obesity is low in these young Japanese subjects (14.1%), children who were obese (BMIb20) had worse lipid pro®les than those who were not obese. An exceptionally high rice intake was associated with obesity, and thus may be an early warning sign for future obesity.
Introduction
The Japanese government reports that the dietary fat intake of Japanese adults has been increasing during the past 30 y. Dietary fat intake was 20.3 gad in 1955, 36.0 gad in 1965, 55.2 gad in 1975 and 58.0 gad in 1994. The proportion of energy intake from fat was 8.7% in 1955 and increased to 25.8% in 1994. The 1997 Nutrition Survey in Japan 1 reported that for children aged 7±14 y the total fat intake was 68.9 gad and that 30.2% of the dietary intake was from fat. This is similar to results from a small study of Tokyo elementary schoolchildren, where 32% of the children's total energy intake was from fat. 2 Concurrent with these changes in dietary habits, the mean serum cholesterol levels of Japanese increased by 10±15 mgadl between 1960 and 1980. Moreover, the serum cholesterol (CHOL) level of young Japanese has been shown to exceed that of Americans of comparable ages. 3 We have reported that the cholesterol level of Japanese children aged 10 y from the Gifu province was higher than white American children from North Carolina. 4 In addition, mortality from coronary heart disease (CHD) has risen markedly in Japan. Heart disease is now the second leading cause of death, with a mortality rate of 128.6 per 100 000 10 . Longitudinal studies have shown that CHOL`tracks'; that is, children who have elevated total CHOL are highly likely to have high CHOL as adults.
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Hypercholesterolaemia as adults is a known risk factor for atherosclerotic disease, especially CHD. 8 High density lipoprotein cholesterol (HDL-C) and its ratio to total cholesterol (HDL-CaCHOL) are important risk factors even in CHD patients with normal lipids. 9 Another factor that has been changing in Japan, is the prevalence of obesity. The prevalence of obesity in Japanese children aged 10 y was 5.5% in 1977 and increased to 8.8% in 1992. 11 In that report, obesity was de®ned as real weight À standard weightastandard weightX
[Obesity was present when this index was b20%. Kinugasa] 12 reported on changes in obesity from 1968±1995. In children aged 10 y, prevalence increased from 3% to almost 10% in boys, while in girls it increased from 3% to`8%.
Interventions involving physical activities have been shown to reduce obesity in adults 13 and in children. 14, 15 It is also commonly accepted that obesity is related to a high fat and energy intake, and low physical activity. However, the literature examining the association between physical activity and obesity in children is varied. For example, a study of obese Texas schoolchildren aged 8±10 y found that neither the level of physical activity nor high-fat food intake were independent risk factors for obesity. 16 The authors suggested that high fat intake and low level of physical activity may exert a synergistic effect when present in the same child. A study comparing obese and non-obese matched children aged 8±10 y showed a low or inconsistent relationship for obesity with activity. 17 Another study has shown that diet composition may contribute to childhood obesity, independent of total energy intake, resting energy expenditure and physical activity. 18 The effects of activity on lipids in healthy children are mixed. In one large controlled ®eld trial, an activity intervention with third and fourth graders, reduced total CHOL almost 6 mgadl. 15 However, in another large study of children of similar ages, there were no signi®cant changes in lipids. 19 A much smaller study of sixth grade students, found no effects of aerobic training on blood lipids. 20 A descriptive study of ®fth grade children showed that usual activity level had no effect on lipids. 21 In an extensive review of studies of physical activity and lipids in adolescents and adults, Armstrong and Simons-Morten 22 concluded that the effects of physical activity on adolescent and adult blood lipids are equivalent.
Obesity is more clearly related to lipids in children. Zwiauer et al 23 studied the association between obesity, body fat distribution and lipids in children aged 10 to 14. In boys, triglycerides (TRG), HDL-C, low density lipoprotein cholesterol (LDL-C) and the ratio of total CHOLaHDL-C were all related to measures of obesity. Signi®cant correlations, ranging from 0.1± 0.5, between body mass index (BMI) or skinfolds with serum cholesterol and lipoproteins, and blood pressure has been shown in boys and girls, whites, blacks, Asians, and Hispanics. 24, 25 Other studies have also shown that obese children tend to have higher total CHOL, lower HDL-C and higher LDL-C than nonobese children. 17, 26 To facilitate management of risk factors at an early age and to promote cardiovascular health, it is important to know the eating habits of Japanese children and the relationship of eating habits with obesity and the serum lipid pro®le. In the present study, we investigated the prevalence of obesity and dyslipidaemias in children aged 10 y and analyzed the possible relationship between eating habits, physical activity and serum lipids and BMI.
The research questions were the following: 1) what is the food intake of Japanese children, and to what extent do they eat a Japanese vs Westernized diet? 2) What are the relationships of lipids with BMI, level of activity, diet, gender and family history of CVD? and 3) What are the associations of obesity with activity, diet, food intake and gender?
Methods

Subjects and setting
This was a cross-sectional study undertaken over three years. The subjects were 251 boys and 206 girls, all aged 10 y. All ®fth grade students from the six schools in Shiratori in 1992±1994 were enrolled into the study. The Shiratori area, which has a population of about 25 000, is a suburban area of Gifu city, in the Gifu prefecture in Japan.
Variables and their measurement
Weight was measured in kg with a balance beam scale and height was measured in cm with a ruler fastened to the wall; BMI was later calculated as weight in kg a height in meter 2 . Venous blood was collected following an 8 h fast. Total CHOL, HDL-C and triglycerides (TRG) were measured using the Able-Kendal procedure in a laboratory certi®ed as rank A (best) by the Japanese Medical Association (JMA) Quality Control. LDL-C was calculated using the standard formula. 27 The atherosclerosis index was calculated as
CHOL À HDL-CaHDL-CX
The study was approved by the appropriate medical committees in the Shiratori area.
All subjects were given a questionnaire developed for the study. The 32 questions concerned eating habits, physical activity and family history of hyperlipidaemia, heart disease, stroke and diabetes mellitus. The children took the questionnaires home and answered the questions after consulting their parents.
Four questions related to physical activity; these asked about study habits, participation in study programs after school, involvement in sports and usual amount of hours sleep per day. Each of these questions were coded so the least active response scored 0 and the more active response scored 1, yielding a summary physical activity score ranging from 0±4. Since very few children had a score of 0, zero scores were collapsed with scores of 1, so the actual range of the physical activity variable used in analysis was 1±4.
Two diet scores were derived and used in analyses. One of the diet scores included all foods, with`heart healthy foods' such as ®sh, carbohydrates (rice and bread), fruits, vegetables and milk given positive scores. Less`heart healthy foods', including meat, eggs, fatty foods, American chips, snacks and soft drinks were reverse scored. American Heart Association dietary guidelines were used to determine whether foods were`heart healthy'. 28 The`heart health' diet score could potentially range from
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Some of the foods were also scored to indicate a Japanese style diet. For the Japanese diet score, traditional Japanese foods of rice (1±4) and ®sh (1±4) were given positive values, while primarily Western foods were reverse-scored. Thus, bread (1± 3), meat (1±4), fatty foods (1±4), American chips (1± 4) and soft drinks (1±5) were all reversed scored, so that children who reported eating more of those items received a lower score for Japanese diet. The total score thus created, could range from 7±28, with the higher numbers indicating a diet including more traditional Japanese foods and fewer Western foods.
A family history score was developed from responses about these diseases or conditions: cerebral infarction, obesity, hypertension and diabetes mellitus. A score was given for every family member with the condition and the total was summed, producing a variable potentially ranging from 0±6.
Data analysis methods
Student's t test was used to compare height, weight, BMI and serum lipids between boys and girls, and also for each question concerning family history. Analysis of Variance (ANOVA) was used to examine difference in mean lipid values across levels of activity. Each separate multiple linear regression was used to model the relationship of lipids with BMI, activity level, diet score and gender, with a signi®cance level of 0.05. To further test the trend of the physiological variables across activity level and Japanese diet score, we used chi-square tests for trend with Mantel-Haenszel adjustment for gender. For questions that included multiple comparisons, the Bonferroni correction was used. All analyses were conducted using SAS 1 software.
Results
The height, weight, BMI, activity level and lipid values of the children are shown by gender in Table  1 . Girls had lower mean HDL-C, higher TRG and a higher atherosclerosis index than boys. No signi®cant differences were found between boys and girls for BMI, total CHOL and LDL-C. The boys were signi®cantly more active than the girls. Because of this difference in activity level, we adjusted for the effect of activity level when comparing BMI and lipid values in boys and girls; the results were similar to the unadjusted analyses. The food intake of the children is shown in Table 2 , along with a`food frequency score', which is a weighted mean of how frequently each food was eaten. The foods most often eaten by the children, based on their mean scores, were one set of vegetables (consisting of cabbage, cucumbers, onions), followed by milk, eggsaand other vegetables (for example, spinach, green and yellow vegetables, carrots). Although milk was very high on the list, only 54% Table 1 Physiological variables and activity score by gender (Mean and s.d.) BMI body mass index; CHOL total cholesterol; HDL-C high density lipoprotein cholesterol; LDL-C low density lipoprotein cholesterol; TRG triglycerides; AI atherosclerosis index (CHOL7HDL-C)/ HDL-C and activity score ranges from 1±4. Soft drink is actually scored from 1 to 5, with more than once a day' scored 5.
The Shiratori study H Takada et al of the children reported drinking milk`almost daily'; 48% of the children reported eating cabbage, cucumbers or onions`almost daily' and 36% reported eating eggs`almost daily'. Fruit, ®sh and fatty foods such as fried tempura, eel, fried chicken and pork patties were eaten least often. Rice was eaten daily by all children, with 87% reporting that they ate two or more cups of rice per day. However, nearly half of the children (44%) seldom ate bread. The frequency distribution of foods eaten by Japanese children re¯ect the variety of foods consumed and not a predilection for a speci®c type of food. There was no signi®cant difference in diet intake between boys and girls. Foods eaten by Japanese children aged 10 y (number and percent reporting) (ordered by food frequency The`heart-healthy' food score ranged from 21±40, with a mean of 31.1, and s.d. of 3.3. The Japanese diet score, de®ned by more rice and ®sh and less bread, meat, fatty foods, American chips and soft drinks, ranged from 11±25. The mean Japanese diet score was 17.7 (s.d. 2.3). The diet of these Japanese children was strongly mixed, including Japanese and Western foods almost equally.
Activity level was signi®cantly related to HDL-C and atherosclerosis index (AI), higher activity level was associated with higher HDL-C and lower AI. After adjusting for the confounding effect of gender, the effect on HDL-C remained, but the effect on AI was no longer signi®cant. Neither BMI, total CHOL, LDL-C nor TRG were related to activity level, The results of analyses of variance on all lipid variables and BMI by activity level are presented in Table 3 . Table 3 also suggests some trends in the data: total CHOL increased with activity, and the AI decreased with more activity, but they were not signi®cant by chi-square test for trend.
To analyse the association of diet with BMI and lipids, the Japanese diet score was categorized into quartiles; lipids are shown by these quartiles in Table  4 . After adjusting for gender, we found that only HDL-C was signi®cantly associated with the categorized Japanese diet score. Subjects with the most traditional Japanese diet (higher quartiles) had the lowest HDL-C levels. In the test for trend, cholesterol varied signi®cantly by diet quartile with total cholesterol lowest in those in the highest quartile for Japanese diet. BMI tended to be lower in the bottom Table 3 Body mass index (BMI) and lipids by activity level (gender adjusted mean and s.e.m) half of the Japanese diet score and slightly higher for the top half, that is, in those with a more traditional Japanese diet, but this was not signi®cant in either analysis.
As shown in Table 5 , there was a very low prevalence of positive family history for hypertension, stroke, obesity or diabetes. Fathers were much more likely than either mothers or grandparents to have any of the conditions studied. The most common condition in the fathers was obesity, reported for 28%, while hypertension was second highest, reported for 20% of the fathers. Family history had no signi®cant effect on any of the dependent variables, when analyzed separately by condition or by the combined family history score.
We also examined the extent to which BMI and eating a Japanese type diet was associated with lipid levels. The results of multiple linear regression for each lipid variable showed that BMI was signi®cantly associated with all lipids in these children (see Table  6 ). Higher BMI was related to higher total CHOL, LDL-C, TRG and lower HDL-C. When analyzed with simple bivariate regression, BMI was signi®cantly associated with HDL-C (r 70.29), LDL-C (r 0.22), TRG (r 0.27) and AI (r 0.38) (P 0.0001 for all). Overall, activity was related to a higher HDL-C and Japanese diet score was marginally associated with total CHOL and LDL-C: the more Japanese the diet, the lower total CHOL and LDL-C.
Similar multiple linear regressions were also conducted by gender. In boys, BMI was a signi®cant factor for all the lipids, while for girls, BMI was associated with HDL-C, and TRG. In boys, Japanese diet was associated with lower LDL-C and was borderline signi®cant for lower total cholesterol. However, in girls, Japanese diet was associated with lower HDL-C. Higher activity level was signi®cantly associated with higher HDL-C for both boys and girls.
To further explore the associations of BMI and Japanese diet with lipids, we ran additional models using rice as the sole diet variable instead of the composite Japanese diet score. High HDL-C was signi®cantly associated with lower BMI, gender and higher activity, as before. In addition, eating less rice was associated with a higher HDL-C.
In multiple linear regression, BMI was not signi®-cantly associated with any of the explanatory variables of Japanese diet, activity level or gender. However, when analyses were made using the speci®c intake of each food in place of the Japanese diet score, there was one signi®cant predictor of BMI, rice intake, which was positively related to BMI (Pearson r 0.14, P 0.002).
Discussion
The ®nding that rice was the major food eaten, is consistent with the experience of the Japanese authors. The main staples of the Japanese diet are rice, vegetables and ®sh, but rice is the major component of the Japanese diet, eaten at practically every meal at home. While in school, children eat a school-provided lunch that always includes bread but seldom includes rice. Thus, children typically eat two or more cups of rice a day, as did almost all of the children in our study. Regarding the mixed diet of Shiratori Children, it is becoming more common for Japanese children to have both Westernized and Japanese foods. Currently, foods are neither typical Japanese nor typical Westernized, as parents seem to try to have their children eat various Japanese and Western foods.
The only lipid that varied with activity was HDL-C. This is consistent with data in adults. 13 However, Miyanishi et al 20 found no relationship between who found that obese children had higher total cholesterol and higher blood pressure than the non-obese children, but physical activity was not signi®cantly related to obesity. In multiple regression analyses, physical activity level and being male were related to higher HDL-C levels. HDL-C in females was lower than in males. We previously reported that between the ages of 10 and 11 y, HDL-C level increased in females regardless of BMI, while HDL-C level increased only in males with normal BMI, but not in the high (b20) BMI group. 29 Perhaps it would be preferable to study change in body fat in relation to lipids since physical activity is expected to decrease body fat and increase muscle mass. Since muscle mass is heavier than fat, an increase in BMI or no change is often seen in activity interventions. 15, 30 Although HDL-C was signi®cantly associated with Japanese diet, the association was in the opposite direction than would be expected, since a higher Japanese diet score was related to a lower HDL-C. This slight lowering of the protective HDL-C should not be of concern, because the HDL-C levels were quite high (59.8±64.4 mgadl); thus there is little clinical signi®cance to that ®nding. Our study showed a trend for a relationship of diet with cholesterol, TRG and LDL, but it did not reach statistical signi®cance. A study in Japanese adults found that eating a more Westernized diet was associated with marked increases in serum total CHOL and TRG but found little difference in HDL-C. 31 That study used a much more detailed diet history than the present study.
The lack of a relationship between family history of CVD with lipids or BMI differs from other studies. 32, 33 This lack of signi®cance is probably due to the very low prevalence of CVD in the young parents of these children. The effect of family history should probably be examined with older children, whose parents would be older. It is also possible that family history may increase in the future since CHD prevalence is increasing in Japan. It is now the second leading cause of death, with a mortality rate of 128.6 per 100 000. 10 In multiple regression analysis, higher BMI was associated with a higher total CHOL, LDL-C and TRG, and with a lower HDL-C. These results are similar to other studies. 17,22,24±26 The multiple regression results with diet, are somewhat different from the bivariate analysis. In multivariate analysis, the more Japanese the diet, the lower the cholesterol and LDL-C levels. HDL-C was only predicted by diet in females; in girls, a less Japanese diet predicted higher HDL-C. HDL-C was signi®-cantly but inversely associated with Japanese diet in bivariate analysis, but Japanese diet was no longer a signi®cant predictor of HDL-C in the multivariate analysis. Egusa et al 31 compared 1200 healthy Japanese adults with 1483 ethnic Japanese living in Hawaii and the USA, and found that more Western food habits were related to marked increases in total CHOL and TRG, but not to HDL-C. The relationship of Western eating habits with lipids in Japanese children requires more study, since little information is currently available.
We have shown that total cholesterol in Japanese children is somewhat higher than American children.
